Background: The Global Registry of Acute Coronary Events (GRACE) score is recommended by current ST-elevation myocardial infarction (STEMI) guidelines. But it has inherent defects. The present study aimed to investigate the more compatible risk stratification for Chinese patients with STEMI and to determine whether the addition of biomarkers to the Korea Acute Myocardial Infarction Registry (KAMIR) score could enhance its predictive value for long-term outcomes. Methods: A total of 1093 consecutive STEMI patients were included and followed up 48.2 months. Homocysteine, hypersensitive Creactive protein (hs-CRP), and N-terminal pro-B-type natriuretic peptide (NT-proBNP) were detected. The KAMIR score and the GRACE score were calculated. The performance between the KAMIR and the GRACE was compared. The predictive power of the KAMIR alone and combined with biomarkers were assessed by the receiver-operating characteristic (ROC) curve. Results: The KAMIR demonstrated a better risk stratification and predictive ability than the GRACE (death: AUC = 0.802 vs. 0.721, P < 0.001; major adverse cardiovascular events (MACE): AUC = 0.683 vs. 0.656, P < 0.001). It showed that the biomarkers could independently predict death [homocysteine: HR = 1.019 (1.015-1.024), P < 0.001; hs-CRP: HR = 1.052 (1.000-1. Conclusion: The KAMIR is better than the GRACE in risk stratification and prognosis prediction in Chinese STEMI patients. A combination of above-mentioned biomarkers can develop a more predominant prediction for long-term outcomes.
Introduction
Patients with ST-elevation myocardial infarction (STEMI) face various risks of adverse cardiovascular events. [1] Risk stratification, therefore, is a cornerstone in the modern management and treatment of STEMI. [2, 3] Several models have been developed to perform risk stratification, such as the Thrombolysis in Myocardial Infarction (TIMI), Platelet Glycoprotein IIb/IIIa in Unstable Angina: Receptor Suppression Using Integrilin Therapy (PURSUIT), and Global Registry of Acute Coronary Events (GRACE). [4] However, these models have inherent defects. [5] Even the GRACE risk scoring system, [6] which is recommended by current STEMI management guidelines, [2, 3] is developed for short-term prognosis and its calculation is tedious. Furthermore, the GRACE risk scoring system was validated on the basis of early data. Patients and procedural characteristics in STEMI have been changing, [7] thus current clinical treatments may no longer fit the GRACE score. Moreover, the GRACE risk scoring system was developed based on patients in Europe and America, whose characteristics may differ from the Asians.
Recently, a new risk prediction model, the Korea Acute Myocardial Infarction Registry (KAMIR) score, is developed to assess risks of clinical outcomes in acute myocardial infarction (AMI). [8] This model has advantages in simplicity and accuracy simultaneously for both shortand long-term risk assessment, and has the potential to be a powerful predictive tool for prognosis of AMI. [9] Research has already shown that the KAMIR score does a better job than the GRACE score in predicting the clinical outcomes in AMI patients in Korea. [9] It will be valuable to see if this advantage also exists in patients in other areas. Up to now, no studies have been found to compare the effects of the KAMIR score and the GRACE score in Chinese STEMI patients.
Extensive research has been conducted to evaluate the effectiveness of risk prediction models and to explore how to improve the effectiveness. It is already confirmed that biomarkers can strengthen the predictive capability of the models. For example, homocysteine, [10] neutrophil count, [11] mean platelet volume (MPV), [12] cystatin C (Cys C), [13] hypersensitive C-reactive protein (hs-CRP), [14] N-terminal pro-B-type natriuretic peptide (NTproBNP), [15] growth differentiation factor 15 (GDF-15), [16] and red blood cell fatty acid [17] are reported to be able to reinforce risk assessment beyond the GRACE score. This suggests room and possibility for improvement in the KAMIR scoring system. The biomarkers, being considered in the system, are limited to creatinine and glucose. However, studies have found that homocysteine, [18] hs-CRP, [19] and NT-pro BNP [20] have a vigorous response following AMI and their plasma levels are related to mortality. These biomarkers help to reveal the pathological process of AMI in terms of metabolism, inflammation, and neuroendocrine. In spite of the important values of these biomarkers in AMI, they are not included in the KAMIR score, and there are by far no reports on whether they could enhance the predictive ability of the KAMIR score. In particular, no studies have been conducted to evaluate the potential influences of these biomarkers on the KAMIR score in STEMI. In the present study, we compared the predictive ability of the GRACE score and the KAMIR score in Chinese STEMI patients and investigated whether combination of the abovementioned 3 biomarkers with the KAMIR score could better predict the long-term clinical outcomes in the Chinese patients. The aim of our analyses was to identify a risk prediction model that fits Chinese STEMI patients better.
Methods

Ethical approval
The study was approved by the Ethics Committees of Gansu Provincial Hospital and the First Affiliated Hospital of Xi'an Jiaotong University School of Medicine. It was performed in accordance with the Declaration of Helsinki. Informed consent was obtained from all the patients.
Study population
From January 2010 to December 2012, 1093 consecutive patients upon a confirmed diagnosis of STEMI were admitted to the Department of Cardiology in the two hospitals with facilities for primary percutaneous coronary intervention (PCI) and on-site cardiac surgery in China. The diagnostic criteria followed the American College of Cardiology Foundation/American Heart Association and European Society of Cardiology guidelines of STEMI. [2, 3] Patients with malignant tumors or severe liver or kidney dysfunction were excluded. These patients have all received PCI treatment.
Biomarker detection
Blood samples were collected from the patients, and then the serum was obtained by centrifugation at 4°C and stored in aliquots at À80°C. All laboratory parameters, including triglycerides (TG), total cholesterol (TC), highdensity lipoprotein cholesterol (HDL-C), Low-density lipoprotein cholesterol (LDL-C), plasma glucose, creatinine, uric acid, Cys C, creatine kinase (CK), creatine kinase-myocardial band (CK-MB), cardiac troponin, homocysteine, hs-CRP, and NT-pro BNP, were detected in the Biochemical Departments of the two hospitals where the same laboratory standards were followed.
Echocardiography
Comprehensive echocardiographic analysis of cardiac structure and function was performed by a single experienced physician following the echocardiography guidelines [21] to achieve measurement stability. All measurements were averaged over 3 cardiac cycles. The indexes of left ventricular end-diastolic diameter (LVEDD), left ventricular end-systolic dimension (LVESD), left ventricular end-diastolic volume (LVEDV), and left ventricular end-systolic volume (LVESV) were normalized according to body surface area. Left ventricular mass was calculated using the recommended formula of the American Society of Echocardiography, [21] and the left ventricular mass index was also normalized. Regional wall motion was assessed using a left ventricular 16-segment model and a 4-point grading scale. [21] The wall-motion score index was calculated as the sum of the score of each segment divided by the number of segments scored. A higher index corresponds to weaker wall motion.
Coronary angiography
Coronary angiography was performed according to the standard method. [22] The images were analyzed by a single specialist. Coronary single-vessel disease was defined as >50% stenosis in a major coronary artery (eg, left anterior descending coronary artery, left circumflex coronary artery, or right coronary artery) and/or their main branches. Multiple-vessel disease was defined as >50% stenosis in more than 1 major coronary artery. [22] The Gensini score [23] was calculated to assess the severity of stenosis. The higher the score, the more severe the coronary artery lesion would be.
Risk score calculation
Baseline data, including demographic information, clinical data, and medication usage, were collected using a standard case report form. The KAMIR risk score was calculated as described in the literature. [8] Six independent variables related to cardiovascular events, namely age, Killip class, serum creatinine, no in-hospital PCI, left ventricular ejection fraction (LVEF), and admission glucose, were involved via a multivariable Cox proportional hazard regression analysis. The GRACE risk score was also calculated as described previously. [6] Values of variables, including age, heart rate, systolic blood pressure, serum creatinine level, history of congestive heart failure, in-hospital PCI, in-hospital coronary artery bypass graft surgery (CABG), previous MI, ST-segment depression, and elevated cardiac markers, were entered into the GRACE risk calculator to obtain the score.
Follow-up
Patient follow-up was performed by a group of medical staff. All patients were followed up by telephone calls or interviews to track the occurrence of cardiovascular events and medication adherence. The major adverse cardiovascular events (MACE) included all-cause death, rehospitalization due to heart failure or angina symptoms, recurrent nonfatal MI, repeated coronary revascularization, and stroke.
Statistical analysis
Continuous variables are presented as mean ± standard deviation (SD) or median (inter-quartile range). Categorical variables are presented as frequency (percentage). The data were checked for normality using the Kolmogorov-Smirnov test. Independent-samples t test or Mann-Whitney U test was used to examine the differences between continuous variables, as appropriate. The Pearson x 2 test or Fisher exact test was used to determine the differences between categorical variables, as appropriate. Univariate and multivariate Cox proportional hazard regression analysis was performed to identify predictors for adverse clinical outcomes. The outcomes were further evaluated by the Kaplan-Meier curve, and intergroup comparisons were conducted with the log-rank test. The potential correlation between the 3 biomarkers, homocysteine, hs-CRP, and NT-pro BNP, and the KAMIR risk score were analyzed by Spearman rank correlation. The predictive value of combining these biomarkers into the KAMIR risk scoring system was estimated by the receiver-operating characteristic (ROC) curve. Discrimination was assessed by the area under ROC curve (AUC), and the increase in AUC was tested for significance using the method previously proposed. [24] Calibration was assessed with Hosmere Lemeshow goodness-of-fit. [24] Statistical analyses were performed using SPSS for Windows (version 18.0, SPSS Inc., Chicago, IL, USA), MedCalc for Windows (version 9.6.4.0), and R-programming language (version 3.1.2). All the analyses were two-tailed, and a P value < 0.05 was considered statistically significant.
Results
Baseline characteristics of patients
Altogether 1093 patients were included and follow-up data were obtained from all the patients. The patients (85% male) had a median age of 58 years (interquartile range [IQR], 50-67 years) and a median follow-up period of 48.2 months (IQR, 39.6-58.0 months). The baseline characteristics, including demographic and clinical characteristics, biomarker concentrations, and medication during hospitalization, are shown in Table 1 .
Comparison of baseline data between patients with and without MACE
During the period of follow-up, 278 (25.4%) patients reached the clinical endpoint, including 109 (10.0%) deaths, 77 (7.0%) heart failures, 54 (4.9%) unstable anginas, 34 (3.1%) MIs, 54 (4.9%) coronary revascularizations, and 18 (1.6%) strokes. The baseline data of the patients with or without MACE are demonstrated in Table 2 . Compared with patients without adverse events, patients with such events were older, more often females, and with a higher frequency of smoking, hypertension, and family history of coronary heart disease. Moreover, these patients had higher heart rate, blood glucose, uric acid, Killip classification, left ventricular size and mass, and the Gensini score, and had worse left ventricular systolic function and wall motion. Moreover, the homocysteine, hs-CRP, and NT-pro BNP levels, the KAMIR score, and the GRACE score were significantly higher in patients with MACE.
Analysis of factors correlated with clinical outcomes
Cox proportional hazard regression analyses were performed to identify the predictive factors for clinical outcomes. Tables 3 and 4 summarize the results of univariate and multivariate Cox proportional hazard regression analyses for all-cause death or MACE in these patients. Univariate analysis showed that the aforementioned 3 biomarkers (homocysteine, hs-CRP, and NT-pro BNP), the KAMIR risk score, and the GRACE risk score were associated with higher risks of all-cause death and MACE. After adjusted for potential confounding factors, such as age, gender, body mass index, heart rate, blood pressure, smoking, hypertension, dyslipidemia, diabetes, and Killip classification, homocysteine, hs-CRP, NT-pro BNP, the KAMIR risk score, and the GRACE risk score remained to be significant predictors for all-cause death [homocysteine: HR = 1.019 (1.015-1.024), P < 0.001; hs-CRP: HR = 1.052 (1.000-1.104), P = 0.018; NT-pro BNP: HR = 1.142 (1.004-1.280), P = 0.021; KAMIR score: HR = 1.547 (1.268-1.887), P < 0.001; GRACE score: HR = 1.015 (1.005-1.025), P = 0.003] and MACE [homocysteine: HR = 1.019 (1.015-1.024), P < 0.001; hs-CRP: HR = 1.012 (1.003-1.021), P = 0.020; NT-pro BNP: HR = 1.136 (1.104-1.168), P = 0.006; KAMIR score: HR = 1.566 (1.421-1.726), P < 0.001; GRACE score: HR = 1.010 (1.007-1.012), P < 0.001].
Chinese Medical Journal 2019;132 (1) www.cmj.org eGFR: estimated glomerular filtration rate; KAMIR risk score: the Korea Acute Myocardial Infarction Registry risk score; GRACE risk score: the Global Registry of Acute Coronary Events risk score (GRACE risk score 1: the algorithms of probability for death at admission; GRACE risk score 2: the algorithms of probability for death or myocardial infarction at admission). eGFR is calculated according to the MDRD formula: eGFR (mL·min Performance of the KAMIR risk score precedes the GRACE risk score
The accuracy of predicting all-cause death by the KAMIR score was AUC 0.802 (95% CI: 0.753-0.852) and that by the GRACE score was 0.721 (95% CI: 0.672-0.770) (P < 0.001). For MACE, the accuracy was AUC 0.683 (95% CI: 0.644-0.723) by the KAMIR score and 0.656 (95% CI: 0.618-0.693) by the GRACE score (P < 0.001). Figure 1 demonstrates the greater power of the KAMIR score, as Chinese Medical Journal 2019;132 (1) www.cmj.org compared with the GRACE score, in predicting adverse clinical outcomes in the patients.
Risk stratification of the KAMIR risk score
Patients were divided into 3 categories according to the KAMIR risk score: 0-1 point as low risk (n = 507), 2-3 points as intermediate risk (n = 469), and over 4 points as high risk (n = 117) [8] . This risk scoring system displayed good predictive values for all-cause death (Chi-square = 158.579, P < 0.001) and MACE (Chi-square = 147.731, P < 0.001) in the study population [ Figure 2 ].
Biomarkers as independent predictors for adverse clinical outcomes
The patients were categorized into 3 groups according to the tertiles of biomarker levels: homocysteine (Tertile 1: < The cumulative incidences of all-cause death and MACE in these groups of patients are illustrated by the KaplanMeier survival curves in Figure 3 . The curves revealed significantly worse clinical outcomes with the increase of homocysteine, hs-CRP, or NT-pro BNP level. Log-rank test on the curves identified remarkable differences among these groups in all-cause death (homocysteine:
Chi-square = 94.974, P < 0.001; hs-CRP: Chi-square = 13.229, P = 0.001; NT-pro BNP: Chi-square = 89.695, P < 0.001) and MACE (homocysteine: Chi-square = 88.604, P < 0.001; hs-CRP: Chi-square = 8.302, P = 0.016; NT-pro BNP: Chi-square = 97.027, P < 0.001).
Association of the biomarkers with the KAMIR risk score
The associations of homocysteine, hs-CRP, and NT-pro BNP with the KAMIR risk score were analyzed by Spearman rank correlation respectively. The results showed that all the 3 biomarkers were significantly and 
Discussion
In the present study, we compared the predictive ability of the KAMIR risk scoring system and the GRACE risk scoring system in 1093 Chinese patients with STEMI. Our data showed that the KAMIR score is more effective in predicting the clinical outcomes in this cohort of patients. We then evaluated the relationships of the KAMIR score and 3 biomarkers -homocysteine, hs-CRP, and NT-pro BNP. Our hypothesis was that the predictive power of the KAMIR risk score in STEMI could be enhanced by the addition of these biomarkers. This hypothesis was verified by our results. Homocysteine, hs-CRP, and NT-pro BNP were found to be able to serve as independent predictors for cardiovascular events in STEMI, proved by our findings that the increased level of any of them was significantly associated with increased risks of all-cause death and MACE in the patients. The calibration and discriminatory capacity of the KAMIR risk scoring were improved significantly when these biomarkers were also considered. Our data suggest that measurement of homocysteine, hs-CRP, and NT-pro BNP on admission reinforces the predictive power of the KAMIR score for long-term adverse cardiovascular events in Chinese patients with STEMI.
Risk stratification is an important and integral part of the management of patients following STEMI. The GRACE score is an oft-recommended tool for clinical risk stratification in ACS. [2, 3] However, this score is developed for shortterm prognosis, but vital in STEMI patients is long-term prognosis prediction. [2, 3] The composite endpoint evaluated by the GRACE score limits to death and MI, while other cardiovascular events, such as heart failure, angina symptoms, and stroke, also indicate adverse clinical out- Chinese Medical Journal 2019;132 (1) www.cmj.org Recently, a novel risk scoring system, the KAMIR score, has been developed in an Asian country, Korea. The model is reported to be simple in calculation and accurate in risk stratification and prediction for long-term prognosis of AMI. [9] Some studies have suggested a greater risk predictive power of the KAMIR score as compared to the GRACE score. [9] This is proved by our observation that the KAMIR score demonstrated a better risk stratification and predictive ability than the GRACE score for long-term clinical outcomes in our STEMI patient population (all-cause death: AUC = 0.802 vs. 0.721, P < 0.001; MACE: AUC = 0.683 vs. 0.656, P < 0.001). Our study, together with the aforementioned studies, suggests that the KAMIR risk scoring system may be more suitable for patients in Asian countries.
Previous studies have shown that biomarkers, particularly homocysteine, [25] hs-CRP, [19] and NT-pro BNP, [26] are significantly associated with adverse cardiovascular events in AMI. Homocysteine can induce endothelial dysfunction, vascular smooth muscle proliferation, cholesterol and triglyceride metabolism dysregulation, inflammatory activation, collagen synthesis and arterial wall elastic deterioration, and thrombus formation. [27] [28] [29] Therefore, homocysteine plays an important role in the pathogenesis of atherosclerosis and coagulation. [30, 31] Recently, hyperhomocysteine is identified as an intensive and independent risk factor for atherosclerotic diseases. [32] Prospective research has demonstrated that hyperhomocysteine can predict cardiovascular events in coronary artery disease. [33] Hs-CRP, which is synthesized by liver, is a non-specific marker of systemic inflammatory response in acute period. Elevated plasma hs-CRP level is considered as linked to inflammation, thrombosis, decrease in nitric oxide synthesis, expression of adhesion molecules, and inhibition of the physiologic fibrinolysis. [34, 35] Due to its important role in the immune response, hs-CRP is implicated in the development and complications of atherosclerosis. [19] Clinical research has illuminated that hs-CRP is a strong predictor of clinical events in patients with AMI. [36] NT-pro BNP is a neurohormone synthesized predominantly in ventricular myocardium, which reveals cardiac neurohormonal activation after myocardial damage. [20] As an important indicator of heart function, NT-pro BNP can reflect the systolic and diastolic function of the left and right ventricle, [37] and can reflect the degree of myocardial injury. [37] The association of plasma NT-pro BNP level with mortality in AMI patients has been confirmed. [26] The biomarkers discussed above reveal the pathological process of STEMI from multiple dimensions including metabolism, inflammation, and neuroendocrine. However, they are not involved in the KAMIR scoring system. The comparison of the baseline data between patients with and without MACE in this study showed that the levels of homocysteine, hs-CRP, and NT-pro BNP were significantly higher in patients who experienced such events. Both univariate and multivariate Cox proportional hazard regression analysis revealed that homocysteine, hs-CRP, and NT-pro BNP were independent risk factors and strong predictors for adverse cardiovascular events. KaplanMeier survival curves also verified that the probability of all-cause death and MACE significantly rose with the increase of homocysteine, hs-CRP, or NT-pro BNP level. Moreover, these biomarkers were found positively correlated with the KAMIR risk score, which means that the predictive power of the KAMIR score could be enhanced when combined with either homocysteine (AUC: 0. 
Study limitations
The patients included in this study were from only two hospitals. Our findings need to be further proved by large multicenter research. Since our study is based exclusively on Chinese patients, the results should be applied cautiously to other ethnic populations.
Conclusions
In conclusion, our study confirms that the KAMIR score performs better than the GRACE score in risk stratification and prediction for adverse prognosis in Chinese STEMI patients. The biomarkers, including homocysteine, hs-CRP, and NT-pro BNP, can independently predict adverse cardiovascular events in STEMI. Using these biomarkers in combination with the KAMIR system derives a more robust predictive power for long-term clinical outcomes in patients with STEMI.
